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Abstract
This is an experimental study that aims to clarify the possible formation mechanisms of
maskelynite. Maskelynite is a diaplectic glass, that forms during shock compression of feldspar
far below the melting point, and without fusion. Maskelynite also paramorphises precursor
feldspar grains. Maskelynite is an important probe of shock-pressures at terrestrial impact sites
and in many meteorites. Two mechanisms of formation of maskelynite are examined here: 1)
maskelynite is result of a pressure-induced amorphization of feldspar compressed beyond its
mechanical stability where the formation of thermodynamically stable phases is kinetically
inhibited [1, 2]. 2) Feldspar transforms upon dynamic compression into a high-pressure
polymorph. Upon release from the peak shock pressure, this crystalline polymorph transforms
back either into a dense glass or a highly disordered solid that appears amorphous in common
probes (optical microscope, optical spectroscopy, diffraction). The latter scenario avails for
diaplectic silica that formed in shock-experiments on quartz. Upon static compression of synthetic
diaplectic silica at 300 K the material resumes the crystalline structure of stishovite [3], a highpressure polymorph of silica which has also been observed in situ during shock compression of
fused quartz [4]. Hence, the second scenario implies a memory effect of the high-pressure
crystalline structure in the diaplectic glass. In the present study, we test this hypothesis for
maskelynite by a) X-ray diffraction of maskelynite similar to the study of diaplectic silica in [3],
b) synchrotron X-ray diffraction analysis of synthetic maskelynite at ambient pressure, both with
the goal of identifying possible crystalline states. If no crystalline state is observed, the second
proposed mechanism of maskelynite formation is not supported and the first mechanism appears
more likely.
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In the static compression experiment I find indications of a change in middle-range order of
maskelynite but no transition to long-range crystalline order upon compression to 19 GPa. In the
shock-recovered maskelynite I observe crystalline material, even in material recovered from 38.5
GPa. The crystalline material is disseminated in an amorphous matrix and has feldspar-like
structure rather than a structure related to a high-pressure polymorph of feldspar. Hence this
crystalline material is remnant crystalline feldspar rather than a phase that formed upon shockcompression.
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Chapter 1: Introduction And Background
A diaplectic glass is defined as an amorphous solid that is formed during an impact, without
melting. Diaplectic glasses are optically isotropic and amorphous on the scale of X-rays diffraction
[5, 6]. Unlike normal glasses that form through melting during shock impacts, a diaplectic glass
preserves the texture and habit of unshocked rocks/minerals [5]. A way of describing the difference
between an amorphous material and a crystalline one is the absence of a long-range order. In a
crystalline material, all atoms assume a periodic lattice arrangement whereas in a glass or melt this
periodicity is missing [7]. In a glass or melt interatomic distances still fall within narrow
probabilities and polyhedral units are still intact. This gives rise to the middle-range order in
glasses or melts, while in a gas or plasma there is no middle-range order. So, a long-range order
has infinite lattice periodicity, and a middle-range order lacks this periodicity but has similar
polyhedral distances. As other diaplectic glasses exhibit middle-range order [8], in diaplectic silica
it was shown that the long-range order of the crystalline state of stishovite can be recovered through
a pressure-induced amorphous-to-crystalline transition. This long-range order represents the
crystalline state that silica assumed during shock [3, 4]. Commonly, diaplectic glasses are thought
to form upon compression beyond its mechanical stability but at temperatures too low and on timescales too short to permit formation of a crystalline high-pressure phase. Hence, diaplectic glasses
are hypothesized to form by loss of crystalline order, based on the Born-criterion of melting [9]
but not through a thermal but pressure-induced elastic instability. The Born-criterion of melting
states that melting occurs when the shear elastic moduli of a crystalline phase vanishes [9]. If the
mechanism of instability during the formation of a diaplectic glass is the same as for melting based
on the Born-criterium, the transition from a solid to a glass would be on the metastable extension
of the melting curve into the solid field based on the Schreinemakers rules [10]. This is shown for
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silica in Figure 1.1 [11]. It is noteworthy that this concept requires the metastable melting curve to
follow a negative slope (such as the case for silica). The concept of ‘Born-melting’ as a disordering
process has also been applied to amorphization induced by silica by static high-pressure [12].
An alternative mechanism of diaplectic glass formation is as follows: upon dynamic
compression a solid-solid phase transformation occurs. When stress is released, this high-pressure
solid phase undergoes partial structural disorder and assumes glass-like properties. Alternatively,
upon release the high-pressure phase vitrifies. In both cases, the end product is a glass-like state.
The concept of diaplectic glasses as retrograde transformation product of a high-pressure
phase has been shown to hold for silica: Tschauner et al. 2006 [3] observed that diaplectic silica
recovers the structure of stishovite (SiO2), as a high-pressure polymorph of silica, upon static
compression above 13 GPa at 300 K [3]. This pressure-induced amorphous-to-crystalline
transition indicated that diaplectic silica is structurally close to stishovite, though disordered on an
atomic scale. A similar memory effect is known to occur in metamict minerals upon compressing
and heating [13]. The diaplectic silica studied in Tschauner et al. 2006 was obtained through shockexperiments on quartz [3]. It should be noted that the structure of natural diaplectic silica may
evolve over geologic time to structures different from disordered stishovite. This is indicated by
the large range of density of diaplectic silica in impact rocks [14]. More recently, Gleason et al.
2017 [4] showed by in-situ X-ray diffraction on shocked silica that stishovite forms during shock
compression above 30 GPa and becomes amorphous upon release. This confirmed the earlier work
[3].
The purpose of this thesis is to examine if maskelynite forms through an equivalent process
of retrograde disordering of a high-pressure phase or upon shock release the high-pressure phase
vitrifies. Since the feldspar composition is conserved upon such transitions, these high-pressure
2

phases must be high-pressure polymorphs of feldspar. The known high-pressure polymorphs of
the feldspar composition are:
a) Pyroxenes with vacancies on site M1 (Ca-Eskola component Ca(Al,.)Si2O6, occurring in
the mineral tissintite [15], or Si on site M1 in combination with vacancies on M2 (such as
(Na2/3)(Al1/3,Si) Si2O6), equivalent to the sodic aluminous component reported in [16].
b) The silicate hollandites lingunite [17], liebermannite [18], and stoefflerite [19], which are
polymorphs of albite, orthoclase, and anorthite, respectively and assume a structure where
Si is coordinated by six oxygens rather than four (as in feldspars).
We test this hypothesis by:
1) Static compression experiments of maskelynite in diamond anvil cells, similar to the
study by Tschauner et al. 2006 [3].
2) Dynamic compression experiments on felspars and micro-diffraction analysis on the
retrieved maskelynite.
In the first type of experiments we examine if maskelynite recovers a crystalline structure
upon static compression at 300 K. In the second type, we examine if remnants of high-pressure
feldspar phases have survived the release from the shock state. For the first type of experiments,
we compressed natural and synthetic maskelynite, but only natural maskelynite from Zagami and
NWA 856 (Northwest Africa) were subjected to compression. In the second type of experiments,
two shock experiments on anorthoclase were conducted with peak pressures of 24.6 GPa and 38.5
GPa.
1.2 Maskelynite in Nature
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Flow features and vesicles, smooth, cleavage, and cracks are absent in maskelynite and is
displayed in an SEM image from the shergottite Zagami (Palomba, Rotundi, and Colangeli, 2005)
[20]. Maskelynite is found in many highly shocked meteorites, as well as in lunar and terrestrial
impacted rocks [1, 2, 6, 8, 21, 22].
Maskelynite was first discovered in the martian meteorite Shergotty by Tschermak in 1872.
The experimental proof that it forms upon shock compression was obtained in 1963 [23].
Maskelynite has been observed in most of the martian meteorites [24].
There are three main types of meteorites that come from Mars; shergottites, nakhlites,
chassignites (also known as SNC meteorites), which differ petrologically and texturally [25].
Basaltic shergottites are composed of mainly pigeonite, augite, and plagioclase while poikilitic
shergottites contain olivine, orthopyroxene, augite, maskelynite, and chromite [25]. Of the three
martian meteorites, the type with the highest amount of maskelynite are shergottites [23].
1.3 Experimental Techniques
1.3.1 Static Compression
The diamond anvil cell (DAC) displayed in Figure 1.3 is a tool for compressing materials
to very high-pressures (greater than 400 GPa) [26, 27]. The sample is not directly compressed
between the anvils because this would limit pressure to the plastic deformation limit of the sample.
Instead, a gasket (metal seal) confines the sample to within the center of the two anvil tips and a
pressure transmitting medium. The DAC is based on the concept of opposing anvils. High pressure
is generated through a) pressure magnification from the bottom to the top of the anvils, and b)
absence of ductile deformation of the anvils. To increase pressure in the DAC, the tightening of
screws apply force to the cell and generate pressure at the bottom and top of the anvils. Because
4

of the area ratio between the top and bottom of the diamond (typically 20-40), the pressure at the
bottom of the anvil (typically 0.1-10 GPa) corresponds to a pressure at the top of the anvils of 2400 GPa. Thus, an experiment can begin at 0 GPa, and an X-ray diffraction pattern is obtained at
this pressure. The screws can then be tightened again to further increase the pressure and a new
diffraction pattern can be obtained. This allows us to see how the diffraction patterns change as
pressure increases. The pressure in the DAC sample chamber is measured through the calibrated
pressure shift of the Cr3+ fluorescence lines in ruby [28]. Fluorescence is excited with a green or
blue laser light that is focused through the diamond anvils and onto a small ruby spherule located
within the sample chamber [28]. The excited fluorescent light is focused through a lens system
onto the entrance slit of a monochromator and through the monochromator onto a detector (in the
case of my experiments this detector was a CCD-Chip).
Pressure can also be measured through a known pressure-volume relation (isotherm) of
crystalline materials loaded in the diamond anvil cell along with the actual sample. In our
experiments, gold was loaded in the DAC with the sample to measure pressure. Another option
for pressure measurement is using the inner edge of the metal gasket which confines the sample,
although this is the least accurate of the methods mentioned. This is due to the large stress gradient
within the gasket. In our experiment we used rhenium as the gasket material due to its strength.
The diamond anvils of the DAC exhibit high transmission of radiation from visible light to X-rays.
The interaction of this radiation with the sample can be used to probe volume, structure, and other
properties during compression (through X-ray diffraction, Raman spectroscopy, IR spectroscopy,
etc.) [27]. In this work diffraction patterns of the sample were collected at different pressures (0~20 GPa). A schematic representation of a DAC assembly is shown in Figure 1.3 and demonstrates
an X-ray beam going through the sample and assembly [27]. In our experiments we compressed
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our samples in steps to a maximum pressure of ~20 GPa. Baysilone oil M1000 was used as a
pressure transmitting medium generating quasi-hydrostatic pressures inside the sample chamber.
The samples were mounted in the gasketed DAC along with a ruby spherule and a small amount
of gold powder along with the pressure transmitting medium. The samples were doubly polished
pieces of maskelynite that was mechanically removed from thin sections of Zagami and NWA
856, respectively. Prior to loading, the pieces were examined by XRD and confirmed to be X-ray
amorphous. However, the piece obtained from NWA856 contained an inclusion of pigeonite which
was avoided in the microdiffraction experiment.

1.3.2 Dynamic Compression
In our second series of experiments, we used shock compression, in which a flyer
(projectile) impacts a shockwave into a target assembly that holds the sample [29]. An example of
the target assembly used in our experiments is shown in Figure 1.4 and displays that the flyers
were made from stainless steel and the sample holder of either stainless steel or tungsten. This
sample holder is composed of two parts that screw together and must be machined specifically for
each sample. In the lower sample chamber, a well is created to the precise dimensions of the sample
so that the sample is flush with the chamber. The upper sample chamber then screws onto the
lower sample chamber so that the sample has contact with metal on all sides. This is to allow as
little air in the sample chamber as possible, as having air present could cause the experiment to fail
and possibly explode. The goal in our shock experiments was to recover a sample that could be
analyzed by X-ray diffraction. Some shock experiments use a free-standing sample, or only have
a window at the rear and this leads to the destruction of the sample. In our experiments our sample
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was completely surrounded by metal (either stainless steel or tungsten) and this is shown in Figure
1.4. This allows us to recover our sample after the experiment is completed.
The single-stage shockgun at NASA’s Johnson Space Center (with the help of Jacobs
Engineering) was used for synthesis experiments of maskelynite with possible remnant highpressure polymorphs. This shockgun is referred to as a Flat-Plate Accelerator (FPA) as it propels
a flat flyer down the barrel using gunpowder. This flyer is made of stainless steel and a Lexan cone
with a 29° taper is attached to the back of it for stabilization. The weight and size of both the flyer
and sample were recorded prior to the experiments being completed, as well as the amount of
gunpowder used. During the experiment, pressure in the chamber is recorded to ensure that the
sample was run under vacuum. Prior to flyer contact with the sample holder the flyer encounters
four laser velocity stations that record the time between the stations. Since the distance between
the stations is fixed, the velocity can be calculated. In the moments before contact between the
flyer and sample holder, two photos are taken on opposite sides of the sample chamber. This is to
record any tilt to the flyer as a flat flyer is necessary.
When a planar flyer impacts the target at sufficiently high velocity, a planar shockwave
forms and moves forward into the target assembly but also backwards into the flyer. This
backwards moving shockwave is not sustained beyond the rear end of the flyer and the shock state
is released through a forward moving rarefaction wave of velocity of two times the particle velocity
[29]. Once this rarefaction wave reaches the end of the sample, the shock pressure is released. In
our shock experiments, the reverberative method was used in order to achieve a higher pressure
than through a single shockwave at the same flyer velocity, this is shown in Figure 1.5. In
reverberative shock the shockwave moves forward through the sample, reaches the end of the
sample chamber and induces a shockwave in the rear driver. However, because of the mismatch
7

of shock impedance between the sample and the rear driver another shockwave is reflected back
into the already shock compressed sample.
The impedance of the materials of the sample and target assembly modifies the highest
attained pressure: When a shockwave is transmitted between two different materials (for example:
stainless steel and tungsten), the one with a has a higher impedance (tungsten) attains higher shock
pressure. Hence in our two dynamic compression experiments, one of them has a stainless-steel
driver assembly and the other tungsten. If the two experiment flyers had the same velocity, the
stainless steel-tungsten driver assembly had attained a higher peak shock pressure.

The impedance match equation is shown in Equation 1.1. In this equation the left hand side
is denoted with the subscript A and describes shockwave in the flyer. The shockwave in the driver
is denoted with the subscript B. The other symbols are ρ0 (density), uflyer (particle flyer velocity),
up (particle velocity), C0 (zero-pressure isentropic bulk sound speed), and S (4-pressure derivative
of the bulk modulus).

The amplitude of the stress wave from an impact is high compared to soundwaves,
therefore the stress-dependence of the bulk modulus causes the velocity behind the wavefront to
be higher than the velocity at the wavefront. This is cast in the impedance formula (Equation 1.2)
[30]. Here up gives the additional velocity which causes motion behind the wavefront to catch up
with the wavefront and convert a sound wave into a soliton (shockwave with nearly discontinuous
rise of velocity) and stress from zero to U (shock velocity) also relates U with pressure. Equation
1.2 gives the shock velocity Us as function of the zero-pressure isentropic bulk sound speed, 4pressure derivative of the bulk modulus, and particle velocity.
Equation 1.1: Impedance Match [29]
8

ρ0A(uflyer – up)(C0A +SA(uflyer – up)) = ρ0B up(C0B+SB up)
Equation 1.2: Impedance Formula [29]
Us = C0 + Sup
A lab shock experiment is completed in less than a second (due to the thickness of the
sample, flyer, driver, and rarefaction wave). This short timescale allows for some metastable
minerals to be conserved that cannot be retrieved from static compression [31]. In dynamic
compression experiments, very high pressures can be achieved (up to 400 GPa with inertial
confinement) [32]. From this, it is possible to run experiments on silicates, melt them at a high
pressure and then cool them.
The Rankine-Hugoniot equations (Equations 1.3-1.5) “describe the relationships between
physical properties in the two possible states of a moving compressible” material [33]. In these
equations ρ is density, up is particle speed, P is pressure, and e is energy. Based on equations 1.3
and 1.4, we are able to plot Hugoniot lines (Figure 1.5) that combine pressure volume and energy
to describe how a material responds to shockwaves [34]. Each point on the Hugoniot is the starting
point of the adiabat the release from shock state [35].
Equation 1.3: Conservation of Mass [33]
ρ2 P2 = ρ1 P1
Equation 1.4: Conservation of Momentum [33]
P2 + ρ2 u22 = P1 + ρ1 u12
Equation 1.5: Conservation of Energy [33]
P2 / ρ2 + e2 + ½ u22 = P1 / ρ1 + e1 + ½ u12
9

Figure 1.1 Phase Diagram of Silica: This phase diagram is taken from Tschauner et al. 2004 and
shows the metastable extension of the low-pressure melting curve to higher pressures and the
pressure-induced amorphization of quartz [11]. The first of those two are displayed as the shaded
area beneath the dashed-dotted area and the later of those with the heavily hashed area. Since
diaplectic glasses are hypothesized to form by loss of crystalline order and pressure-induced elastic
instability, the transition from a solid to a glass would be on the metastable extension of the melting
curve into the solid field. The filled symbols describe experiments where a new polymorph was
detected, and the open symbols describe experiments were no new phase was observed. The black
arrow corresponds to the onset of amorphization of quartz at 300 K.
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Figure 1.2 Backscatter Image of Maskelynite: A backscatter SEM image from a Field Emission
Scanning Electron Microscope (FESEM) taken from Palomba, Rotundi, and Colangeli, 2005 [20]
on the Zagami meteorite. It indicates that the maskelynite (dark gray phase) has a lack of flow
features and vesicles, smooth, barren of cleavage, cracks, and fractures. The maskelynite is shown
at the bottom and the p1, p2, and p3 points are pyroxenes with a lighter gray color [20].

11

Figure 1.3 Diamond Anvil Cell Diagram: An example of a diamond anvil cell assembly adapted
from Diamond Anvil Cells from the High Pressure Science and Engineering Center’s website to
match our DAC experiments [27]. The sample is in the center along with a ruby, and two diamonds
are on opposite sides of the sample. Surrounding the sample is a pressure transmitting medium,
and a rhenium gasket. The rubies spherules and gold in this example are used for pressure
measurement. The rhenium gasket can also be used for measuring pressure. [27]
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Figure 1.4 Shock Experiment Sample Chamber Design: The sample chamber of the shock
experiments was designed for sample recovery as the sample is completely surrounded during
shock. The sample is placed on a pedestal on the lower sample chamber (made of either stainless
steel or tungsten) that has a well machined into it the exact size of our sample. The upper sample
chamber (which is made of the same material as the lower) is then screwed onto the lower chamber
and makes contact with the sample/lower sample chamber pedestal in order to remove any air from
the chamber. A flyer made of stainless steel is then fired at the sample chamber and impacts the
top of the upper sample chamber. This impact causes a shockwave to form and move into the
sample chamber (downward in the orientation of this figure). This figure is not drawn to scale.
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Figure 1.5 Diagram of the Reverberative Shock Technique: The technique in shock
experiments called reverberative shock is one that uses the addition of multiples passes of a single
shockwave to increase the peak pressure. In this example the red line indicates that increase in
pressure, because if there was just a single shock wave the maximum pressure would be around
15 GPa, but the reverberations afterwards add to that total. The intersection of the two blue
Hugoniot lines displays the maximum pressure that this hypothetical experiment could reach of
~40 GPa.
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Chapter 2: Methodology and Analysis
Samples of maskelynite from the meteorites Zagami and NWA 856 were examined by Xray diffraction at the Advanced Photon Source (APS) in July of 2017. The samples were loaded
into a DAC with Baysilone Oil M1000 as a pressure transmitting medium, rhenium as gasket
material, and gold and ruby are pressure markers. The samples were compressed from ~0 to 19 (±
2) GPa at 300K. Diffraction data were collected at undulator beamline 16-ID-B of the High
Pressure Collaborative Access Team (HPCAT) at APS [36]. The energy of the primary beam was
30.519 keV (0.4066 Å). The beam was monochromatized with a diamond double-crystal
monochromator and focused to 2x3 square micrometers using elliptical mirrors, the horizontal
linear polarization of the beam was 98%. Sample detector distance, detector tilt, and position
relative to the primary beam were calibrated with the Dioptas software using an NIST CeO2
powder diffraction standard [37]. Subsequently, the sample inside the DAC was centered on a
single axis goniometer with motorized x-y-z stages by using an off-axis alignment system for
initial alignment. Then the sample was centered on the goniometer through X-ray transmission
scans collected at three different φ angles. Offsets were minimized to within a 5 micrometer circle
of confusion for ± 45° rotation. X-ray diffraction experiments use a standardized set of rotation
axes for obtaining full coverage of the samples reciprocal space. These axes are ω (rotation
perpendicular to the plane span by the primary beam and the 2θ axis), χ (rotation perpendicular to
ω), and φ (rotation within χ, parallel to ω at χ =0°). These three angles, and 2θ, then describe the
spatial coordinates of all observed Bragg reflections. Gold powder was loaded as a pressure sensor,
but a diffraction pattern of gold was not obtained, so the diffraction off the inner edge of the
rhenium gasket was used for assessing pressured based on the calibration of the rhenium pressure
scale (discussed in more detail in section 2.3) [38]. An image of the sample of maskelynite inside
15

the compressed DAC is shown in Figure 2.1 with the sample being located in the center of the
image.
At the initial pressure (~0 GPa), a grid scan of 50 images was taken with a step width of
25 μm along the horizontal and 25 μm along the vertical direction and rotated around φ ± 20° for
every step during acquisition The dimensions of the entire mapping area was 42x20 μm with an
area of 840 μm2. In addition to the 50 step measurements, two diffraction frames were collected to
obtain the background and current pressure. These measurements were taken from within the
pressure medium and the inner edge of the rhenium gasket, respectively. The acquisition time for
the 50 step measurements was 1 second each, and 6 seconds for the diffraction frames to obtain
background and pressure.
Background frame correction is important in this experiment because the combined
Rayleigh- and Compton-scattering of the diamond anvils generate diffuse scattering that are about
two orders of magnitude more intense than Bragg diffraction from the sample. Moreover,
diffraction of the sample is at least initially diffuse because of its amorphous nature. A careful
discrimination between sample and background signal is very important here. This is best achieved
through voxel-per-voxel based background image subtraction rather than attempts of fitting an
integrated background.
Five total diffraction measurements were taken at the next pressure (0.9 ± 0.1 GPa), three
of them being for pressure identification with an acquisition time of 4 seconds each, the other two
frames for 50 seconds each. At 14 ± 1 GPa, a grid scan of 27 images with an area of 840 μm2 with
42 μm2 vertical and 20 μm2 horizontal steps was taken with 50 second acquisition time and rotation
of 20° along φ. In addition, diffraction images of rhenium and the pressure medium were obtained
for pressure determination and background subtraction, respectively.
16

Diffraction of a single crystal was detected and a series of 102 step scans over 1 degree
increments was taken at the location of this single crystal in order to index and identify this phase.
The integrated of peak intensities and the transformation from angular to cartesian coordinates was
conducted with GSE-ADA [39]. Indexation was conducted with Cellnow [40] and the matrix which
transforms between laboratory coordinates into crystal metric (UB matrix) was refined with RSV
[39].
At the fourth pressure point (15 ± 0.8 GPa), four diffraction measurements were taken with
50 second acquisition and, two of them being for background with 2 second acquisition. A grid
was not used in this case because at this point in the experiment the sample is roughly locked in
place by the pressure transmitting medium. Thus, we already know where the sample of
maskelynite is in the DAC. And, both the fifth (19.2 ± 2 GPa) and sixth (19.5 ± 2 GPa) pressure
had 3 diffraction measurements taken each, including a single diffraction measurement for
pressure identification. At the fifth pressure, acquisition was for 50 seconds per measurement and
at the sixth pressure the background acquisition was 4 seconds with the rest being 50 seconds each.
2.1 Dynamic Compression Experiments
Two dynamic compression experiments were conducted at the Experimental Impact
Laboratory (EIL) at NASA’s Johnson Space Center. Of the three dynamic compression guns at
EIL, the one that was used for these experiments was the Flat Plate Accelerator gun (Figure 2.2).
Samples of anorthoclase were cored to 11 mm and cut into wafers of roughly 1 mm thick with a
diameter of 11.27 mm. The provenance of this anorthoclase is unknown, so an SEM analysis was
completed at UNLV’s Electron Microanalysis and Imaging Laboratory (EMiL) in order to obtain
composition and the results are shown in Table 2.1. The core of anorthoclase was mounted using
a ~1 mm thick layer of epoxy to hold the sample together and make it easier to cut. They were then
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polished to a thickness between 0.6-0.7 mm using a brass holder to insure both sides of the sample
were parallel to each other. The first experiment was completed on 03/27/2018 with a target
pressure in the sample was 30 GPa, to ensure that the sample became amorphous. One of the
wafers of anorthoclase (measuring 0.762 x 11.2 mm) was placed in the stainless-steel lower sample
chamber that had been machined to the exact size of the sample (Figure 2.3). A stainless-steel
upper sample chamber was then screwed on top of the holder to ensure there was not an air gap in
front of the sample.
The sample was then loaded into the Flat Plate Accelerator (FPA) and a stainless-steel flyer
plate was launched down the barrel of the gun when the chamber was under vacuum (142 mTorr).
The flyer was attached to a Lexan cone and was 1.002 in x 1.003 in x 1.765 in with a 29° taper in
order to aid in stability while being accelerated. This carried a stainless steel 304 flyer plate that
was 0.81 in x 0.875 in and combined weighed 23.099 grams. Using 17.7862 grams of gunpowder,
the flyer traveled at an average velocity of 1.282 km/s and hit the center of a stainless steel target
assembly. The target velocity was 1.380 km/s, and since the actual velocity was low, this resulted
in a maximum pressure of 24.6 GPa in the sample (the target pressure was 30 GPa). Pressure was
measured by Dr. Mark Cintala at Johnson Space Center using the intersection point of the
Hugoniots of the metals used in the experiment. The reverberative shock technique we used in the
experiments will give a peak shock pressure (where the intersection occurs) due to the scale of the
experiments.
Two images are taken on opposite sides of the sample chamber and capture the flyer
directly before impact. This is to be sure that the flyer was not tilted, and Figure 2.4 shows the
sample chamber from the left side right before contact. The tilt right before impact was 1.3° on the
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left side and 1.9° on the right, which is acceptable. Table 2.2 shows the time, distance and velocity
as it changed from the beginning of the experiment to the end (574.13 μs).
Because the peak pressure in the first experiment remained below the target pressure, a
second experiment was conducted using a cored wafer of anorthoclase (0.635 x 11.2 mm) that was
cut and polished at the same time as the sample in the previous experiment. However, in this
experiment a tungsten target assembly was used instead of a stainless steel one to achieve a higher
pressure due to tungsten having a higher impedance than stainless steel. The flyer was again made
of stainless steel and was also 0.81 in x 0.875 in. Like the previous experiment the flyer had a
Lexan cone attached that measured 1.002 in x 1.003 in x 1.765 in with a 29° taper and weighed
23.4161 grams. The second experiment was completed on 03/29/2018 and achieved a maximum
pressure of 38.5 GPa and the total duration was 499.79 μs.
The sample chamber and barrel were also under vacuum during the second experiment and
was at 135 mTorr. The average velocity of the flyer was 1.473 km/s and the projected velocity was
1.100 km/s and 15.4546 grams of gunpowder was used to achieve this. The full values for time,
distance, and velocity for these experiments are shown in Table 2.3. The jitter variability in shock
pressures could be due to numerous factors, the main one being that a new barrel was being used
and was not calibrated completely. As with the previous experiment a photo was taken right before
impact and is shown in Figure 2.5 and it displays a 1.8° and 0.2° tilt.
Both samples must be excavated from the target assembly using a lathe, and this is
displayed in Figure 2.6. In order to reduce heating during the excavation process the slowest
possible speed was used. These samples were then examined at the APS Synchrotron beamlines
16-IDB for X-ray diffraction analysis in the same sector that the DAC experiments were taken to
(Sector 16).
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2.2 Analysis of Diffraction Data
The software Dioptas was used for viewing and initial processing of the diffraction data
acquired at APS [37]. Initially calibration must be completed for the data to be displayed correctly.
This calibration information comes directly from a file created at APS that shows the distance
(175.9590 mm), wavelength (0.4063 Å), polarization (0.990), center X (490.669 px), center Y
(535.932 px), rotation (125.306°), tilt (0.206°), pixel width (172.0 μm) and pixel height (172.0
μm) which is then input into Dioptas [37]. This software allows for the viewing of the diffraction
images in .tif format and shows the diffraction pattern from that specific file. From this the image
can be masked off to exclude regions not wanted in the pattern and a pre- and post- mask figure is
shown in Figure 2.7 and Figure 2.8. For the files analyzed, the dark areas without any signals must
be masked off, and the bright points (that are usually single crystal peaks) must be masked off as
well. The main contribution to the bright areas is from peaks of diamond from the DAC. Since we
do not want the diamond peaks in our diffraction pattern, we must mask them off. Once all the
masking is done, the diffraction pattern can be exported and refined in other software.
2.3 Pressure Measurement
To measure pressure inside the DAC, the compressibility of rhenium was used. In order to
do this, the diffraction pattern is exported from Dioptas [37] and processed with the Rietveld
refinement method using Powdercell [41]. The initial structure file for rhenium [42] includes
information about the crystal space group, unit cell, number of atoms, and the locations of those
atoms in the crystal lattice. During the refinement we try to match a diffraction pattern modeled
based on the structure file with observed pattern by refining parameters in the structure file and
calculated peak profiles with a least squares minimization method. Initially the unit cell is modified
manually until it gives sufficiently close match to the sample pattern. In the subsequent Rietveld
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refinement with Powdercell, the background is refined, followed by the scale factor, zeroshift,
displacement, lattice parameters (a, b, c) and profile parameters (U, V, W, and preferred
orientation). Once these terms have been refined, and the patterns match (Figure 2.9), we now
know the best matching unit cell parameters that can be used to measure pressure.
Once the values for the lattice parameters a and c are obtained, they can be compared. Unit
cell parameters a and c as well as unit cell volume can be compared to published isotherms and
axial compression data for rhenium [38]. We used the study by Anzellini et al. 2014 [38] as
reference (see Table 2.4). Using the best matches from a to our data, a line was obtained for both
a and c, and the intersection of that line with our data gives the pressures achieved during the DAC
experiments, except for the first pressure which is essentially 0 GPa. This is displayed in Figure
2.10 and Table 2.5 where our data is compared to that of Anzellini et al. 2014 [38]. The pressures
achieved are 0.9 ± 0.1 GPa, 14 ± 1 GPa, 15 ± 0.8 GPa, 19.2 ± 2 GPA, and 19.5 ± 2 GPa. The error
was obtained by taking the average between the pressure values obtained from both a and c.
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Figure 2.1 Zagami Diamond Anvil Cell: DAC photograph prior to increasing pressure viewed
looking through the two diamonds, from the opening that the X-rays pass through. At the center
of the image is the sample of maskelynite and near it is a piece of gold for pressure measurement
that are in a hydrostatic oil. Surrounding both of these is a rhenium gasket that was used for
pressure measurement because diffraction patterns for the gold were not obtained.
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Figure 2.2 Experimental Impact Laboratory Dynamic Compression Guns: The Flat Plate
Accelerator that was used in the experiments on the left in white. The flyer is loaded on the side
closest to the camera. Once the flyer is launched it moves away from the camera and impacts the
target assembly which is located in the sample chamber. The sample chamber is the second tank,
located closest to the wall. On the right is a Light Gas Gun shown in gray that uses a combination
gunpowder and compressed gas to launch the flyer but was not used in our experiments. [43]
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Figure 2.3 Target Assembly: The target assembly, with the sample loaded in the well at the
bottom part of the image. The top piece then screws ontop of the bottom piece to ensure there is
no air between the stainless steel and the sample. This is then placed in the sample chamber with
the upper part aligning with the flyer and is impacted.
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Figure 2.4 Tilt of First Dynamic Compression Experiment: The first experiment’s flyer in the
center of the image, right before contact with the sample (off the image to the left). This image is
used to ensure the flyer was not tilted to a large degree and shows the sample chamber from the
left side. This shows that the flyer is tilted 2.3°. At this point the sample was travelling close to
1.592 km/s.
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Figure 2.5 Tilt of Second Dynamic Compression Experiment: The second experiment’s flyer
right before impact travelling close to 1.828 km/s. The flyer is in the center and is travelling from
right to left, where the sample is located. As with the previous experiment, this image was used to
ensure that the flyer was not tilted (it was tilted 1.8 °). This image was taken from the right side of
the experiment, and a similar image was taken on the other side for comparison.
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Figure 2.6 Excavated Dynamic Compression Sample: The target assembly for the higher
pressure experiment (38.5 GPa) after impact and excavation. This was turned on the lathe to expose
the sample and was done as slow as possible in order to keep the temperature low during this
process. Parts of this sample were plucked out of the assembly for analysis at the Advanced Photon
Source.
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Figure 2.7 DAC Image and Pattern Before Masking: This image was obtained at APS during
the DAC experiments (15 GPa) and was imported into Dioptas [37]. This was before masking
takes place in order to block out single crystal peaks (mainly of diamond) and areas where there is
no signal. Beneath this is the diffraction pattern associated with this image. In the lower diffraction
plot the x-axis is in degree 2θ and the y-axis is intensity.
28

Figure 2.8 DAC Image and Pattern After Masking: Shown in the upper part of this figure is the
image after masking off the peaks from diamond and low signal areas. The masking then changes
the diffraction pattern below and just displays the amorphous part of the experiment, which is
maskelynite. This image and pattern were from the DAC experiments conducted at APS and in
this case was at the third pressure (15 GPa). In the lower diffraction plot the x-axis is in degree 2θ
and the y-axis is intensity.
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Figure 2.9 Rietveld Refinement of the Rhenium Pattern: Diffraction data obtained from APS
is shown in black, and in red is the refined model pattern. Background, scale factor, zeroshift,
displacement, lattice parameters (a, b, c) and profile parameters (U, V, W, and preferred
orientation) were refined. The x-axis in this plot is degree 2θ and the y-axis is relative intensity.
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Figure 2.10 Estimating Pressure of DAC Experiments: To estimate pressure in the DAC
experiments the a and c values were obtained from Anzellini, Dewaele, Occelli, Loubeyre, and
Mezouar, 2014 [38]. Using the closest points for a and c from Anzellini et al. 2014 to our data a
line was obtained for both a and c (only c is shown in the figure). The intersection of that line with
our data gives the pressures achieved during the DAC experiments, and an average of the a and c
values gives us our estimated pressure. In the case of this figure a pressure of 0.8 GPa was
estimated. [38]
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Table 2.1 Analysis of Pre-Shock Sample: Samples of feldspar of unknown provenance were
obtained for dynamic compression experiments. A SEM analysis was then completed at UNLV’s
Electron Microanalysis and Imaging Laboratory (EMiL) to understand the composition of the
sample pre-shock. Sodium, Aluminum, Silicon, Potassium, and Calcium were measured and the
percentage of those indicate that our sample is anorthoclase.

Element

Weight Percent

Atomic Percent

Na2O

4.98

4.18

Al2O3

8.33

5.96

SiO2

24.5

16.9

K2O

1.99

0.988

CaO

0.897

0.432

Oxygen

59.3

71.6

Totals

100
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Table 2.2 Time, Distance and Velocity of Dynamic Compression Experiment #1: Values for
time, distance, and velocity during the first of two dynamic compression experiments conducted
at the Experimental Impact Laboratory at NASA’s Johnson Space Center. This experiment was
from a stainless steel flyer impacting a stainless steel target assembly. During the experiment, time
measurements (in μs) are taken at different stations, and since we know the distance between these
stations a velocity can be calculated. This experiment reached a peak pressure of 24.6 GPa.

Counter

Station

Time (μs)

Distance (mm)

Velocity (km/s)

#1

1-2

119.07

140.5

1.180

#2

2-3

119.67

140.9

1.177

#3

1-3

238.71

281.4

1.179

#4

3-4

335.39

533.8

1.592
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Table 2.3 Time, Distance and Velocity of Dynamic Compression Experiment #2: This table
displays the values for time, distance, and velocity during the first of two dynamic compression
experiments conducted at the Experimental Impact Laboratory at NASA’s Johnson Space Center.
This experiment was from a stainless steel flyer impacting a tungsten target assembly, achieving a
peak pressure of 38.5 GPa. During the experiment time measurements (in μs) are taken at different
stations, and since we know the distance between these stations a velocity can be calculated.

Counter

Station

Time (μs)

Distance (mm)

Velocity (km/s)

#1

1-2

103.60

140.5

1.356

#2

2-3

104.19

140.9

1.352

#3

1-3

207.76

281.4

1.354

#4

3-4

292.00

533.8

1.473
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Table 2.4 Calculated Pressure of DAC Experiment: Values for the lattice parameters a and c
were obtained by refining the structure of rhenium. This was then compared to the values for a and
c from Anzellini, Dewaele, Occelli, Loubeyre, and Mezouar, 2014 in which pressure was measured
using ruby. This then can tell us what the pressure we achieved in our DAC experiments (column
2). The value for the first pressure was not calculated because it was used as a background when
obtaining the diffraction pattern for steps 2-6. [38]

Step

Pressure (GPa)

a (Å)

c (Å)

1

-

-

-

2

0.9 ± 0.1

2.761

4.458

3

14 ± 1

2.731

4.400

4

15 ± 0.8

2.729

4.400

5

19.2 ± 2

2.722

4.377

6

19.5 ± 2

2.720

4.378
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Table 2.5 Comparison of Anzellini et al. 2014: Values for a and c were obtained from
Anzellini et al. 2014 in order to estimate pressure [38]. The intersection of that line (Figure 2.10)
with our data gives the pressures achieved during the DAC experiments. In the table below our
value for c was 4.4582 for one experiment. The closest c values from Anzellini et al. 2014 were
4.459 and 4.4557 Å, which means our pressure is between 0.65 and 1.26 GPa. The graph in
Figure 2.10 is then used to get our exact intercept, which is 0.8 GPa. This was also completed for
a, and the average of the two is our estimated pressure.

Pressure (GPa) Anzellini et al. 2014

c (Å)

0.65

4.459

1.26

4.4557

Pressure (GPa) Our Value

c (Å) Our Value

-

4.4582
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Chapter 3- Results
The diffraction patterns obtained from the DAC experiment on Zagami at different
pressures displays a lack of a high-pressure crystalline phases. Therefore, there is not a memory
effect present in our examined maskelynite because a long-range order (infinite lattice periodicity)
was not observed to form upon compression. Figure 3.1 shows these patterns from 0.9 ± 0.1 GPa
to 19 ± 2 GPa. This experiment excludes the zero pressure point, it was used as the background in
Dioptas [37]. Thus, the data in Figure 3.1 shows the relative change in the structure of maskelynite
upon static compression. Subtraction of a background diffraction frame as most similar to the highpressure data as possible is essential in discriminating amorphous diffraction signal from the much
more intense Rayleigh- and Compton- scattering of the two diamond anvils (see Chapter 2).
The first diffraction peak (in Figure 3.1) at lowest 2θ shifts to a higher angle and becomes
sharper as pressure increases. Above 14 GPa there is a rise of a shoulder at the high 2θ side of the
first diffraction peak. This peak, which is between 3-3.5 Å, represents middle-range structural
features, such as Na-O polyhedral as well as rotation of the tetrahedral units involving distances
O-Al-O, and O-Si-O. The second diffraction peak (in Figure 3.1) displays a less pronounced shift
to higher angle (smaller d-spacing) and corresponds to interatomic distances around 2 Å, changes
in this feature include tetrahedral tilt. The third peak at 1.4 Å represents mostly Si-O and Al-O
bonds. Only a change from [4] to [6] coordination would change this peak through a shift toward
lower angle (because Si[6]-O distances are around 10-20% larger than Si[4]-O distances), and thus
remains independent of compression. These three peaks and how their d-spacings change are
shown Figure 3.2, as the first peak changes as pressure increases, and both the second and third
peak change very little or are completely independent of compression.
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The first dynamic compression experiment with a peak pressure of 24.6 GPa did not reach
sufficiently high pressure to become mostly amorphous as some crystalline peaks were detected.
The crystalline diffraction was single crystal-like. The recovered material from the dynamic
compression experiment to 38.5 GPa peak pressure was nearly completely amorphous due to its
lack of detectable crystalline peaks in the diffraction pattern.
The recovered crystalline material from the lower pressure shock experiment was indexed
with a monoclinic unit cell of a=7.3 ± 0.1, b=14.7 ± 0.02, c=14.2 ± 0.05, and angles of α=90.0,
β=115.9 ± 0.4, γ=90.0. This is similar to the axial ratios and a β-angle of celsian [44]. The alkali
cation in this shock-recovered feldspar likely assumes a higher coordination than in the ambient
pressure feldspars of the albite-orthoclase-anorthite series. This transition of the central cation (like
Ba in celsian) is similar to the transition observed at lower, static pressures in Nestola et al. 2004
which used a synthetic feldspar composition of Ca0.2Sr0.8Al2Si2O8. A wide oscillation image of
this sample with indexed reflections of the monoclinic feldspar-like phase is shown in Figure 3.3.
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Figure 3.1 Recompression of Maskelynite (0.9 to 19.5 GPa): Diffraction data was obtained at
APS during the DAC experiments. A small portion of the image was left unmasked to make sure
we only had amorphous material in the pattern. The first pressure point, which was ~0 GPa, is not
shown because it was used as a background for the following pressure points. This graph shows
that the first peak narrows as pressure was increased, the peak shifts slightly to the right (higher
2θ degree), and generally becomes more defined. The second peak shows a similar result, although
the patterns are more scattered. And, the third peak generally does not change.
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Figure 3.2 Pressure vs D-spacing of Peaks: This figure displays the change in d-spacing of the
three peaks in Figure 3.2. Peak 1 is the first peak and is farthest to the left in that figure. As the
pressure increases the first peak changes from 3.296 Å to 2.601 Å as pressure increases. The
second and third peak change only slightly as pressure increases. The second peak changes from
2.11 Å to 1.99 Å and the third peak changes from 1.372 Å to 1.358 Å.
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Figure 3.3 Wide Oscillation Image of Shock Compressed Feldspar: The recovered crystalline
material from the 24.6 GPa dynamic compression experiment was analyzed at the Advanced
Photon Source in Argonne, Illinois. It was indexed with a monoclinic unit cell of a=7.349,
b=14.657, c=14.170, and angles of α=90.000 β=115.93 γ=90.000. This is similar to the axial ratios
and β-angle of celsian [44]. The image of this feldspar-like phase has Miller indices that are in
blue, and the white line on the left hand side is the shadow of the X-ray beam.
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Chapter 4- Discussion
The static compression experiments on natural maskelynite from the shergottites Zagami
and NWA 856 do not indicate a memory effect for a high-pressure crystalline structure up to 19 ±
2 GPa, because no long-range order (see Chapter 1) was observed to form upon compression.
However, it remains possible that a memory effect could occur at higher static pressures. Our static
compression study stopped close to the pressure where maskelynite forms upon experimental
dynamic compression (20-45 GPa at >/= 1 ms shock duration) and above the formation pressure
of silicate hollandites (17-20 GPa) [17, 18, 19]. It is also possible that over time a recovered
disordered high-pressure crystalline phase undergoes at ambient conditions further disordering
towards vitrification. This is at least known for diaplectic silica. Since we only used a natural
sample of maskelynite (from Zagami), a possible memory effect may have been wiped out over
the 3 million years [24] since the impact event that generated the Zagami meteorite.
This issue of a wiped out memory effect could be resolved by additional experiments on
synthetic maskelynite, as well as by examining maskelynite of varying compositions. Overall,
absence of a memory effect is consistent with the formation of maskelynite through a pressureinduced elastic instability of the felspar structure.
The static compression experiments show that Zagami maskelynite undergoes a change in
middle-range order (absence of long-range order of a crystalline state, see Chapter 1) upon static
re-compression above 19 GPa. The middle-range order is from maskelynite being amorphous
material and lacking the lattice periodicity that long-range order materials have. In our static
compression experiments this ordering changed with an increase in pressure, but not enough to
have a long-range order. The dynamic compression experiments on anorthoclase show formation
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of maskelynite between 24.6 GPa and 38.5 GPa consistent with previous studies such as [45]. It is
noted that in those experiments the sample was labradorite (An50-57) whereas the sample used in
this study was anorthoclase.
The analysis of the shock-recovered synthetic maskelynite is shown in Figure 4.1, in which
the x-axis is in Q (Å-1) which is equal to (4πsin(θ))/λ.). The data analysis in the synthetic
maskelynite samples suffers from an incomplete subtraction of Rayleigh scattering. However, if
the feature centered around 2.5 Q (Å-1) corresponds to the first diffraction peak, the difference in
structure to natural maskelynite (Figure 4.1 and Jaret et al. 2015) and to fused feldspar (Jaret et al.
2015) [8] is marked by the shift of ~0.5 Q (Å-1). This difference in structure would imply
significant irreversible densification. We note that the peak around 2.5 Q (Å-1) is only a shoulder
at the high angle side of the Rayleigh peak for the sample recovered from 25 GPa and the signal
is only 3-4 times 1σ uncertainty. When comparing the natural maskelynite from Zagami and Jaret
et al. 2015 [8] to the synthetic maskelynite, the natural samples are much more similar due to their
peaks at ~2 Q (Å-1) and ~4.5 Q (Å-1).
In our dynamic compression experiments, even in maskelynite recovered from a peak
shock pressure of 38.5 GPa, contained remnant crystalline material which can still be indexed with
a feldspar-like whereas no crystalline phase of a high-pressure polymorph was detected. The
remnant crystalline phase is disseminated within the amorphous matrix. Anorthoclase recovered
from shock compression to 24.6 GPa contained only a minor fraction of amorphous material
(indicated through diffuse Bragg scattering in the diffraction analysis, see Figure 4.1). Most of the
recovered crystalline material was indexed with a monoclinic cell of axial ratios and a β-angle
similar to celsian. This suggests that the alkali cation in this shock-recovered feldspar assumes a
higher coordination than in the ambient pressure feldspars of the albite-orthoclase-anorthite series.
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Since a memory effect of a high pressure phase has not been observed, our work is
consistent with the hypothesis that maskelynite is the result of a pressure-induced amorphization
of feldspar compressed beyond its mechanical stability while the formation of thermodynamically
stable phases is kinetically inhibited. Future work could include further dynamic compression
experiments over a wider range of pressure and compositions of plagioclase as well as static
compression of recovered synthetic maskelynite to 30-40 GPa to see if a memory effect is observed
in those samples.
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Figure 4.1 Zagami Maskelynite vs Synthetic Maskelynite: Synthetic maskelynite
samples from dynamic compression are shown along with the natural sample of maskelynite
Zagami that was recompressed to 0.9 GPa. The two diffraction patterns for synthetic maskelynite
are from the dynamic compression experiment at 24.6 and 38.5 GPa. The patterns indicate that the
sample did reach a high enough pressure to turn the anorthoclase amorphous as there was no
detectable crystalline phase. We note the strong remnant Rayleigh scattering in the patterns of the
two shock-recovered maskelynite samples. We tentatively interpret the peak centered around 2.5
Q (Å-1) as the first diffraction peak. If this is correct, synthetic fresh maskelynite exhibits a
markedly different middle-range order (see Chapter 1) and is notably denser than the natural
maskelynite from Zagami. The latter is quite similar to the pattern of lunar maskelynite reported
by Jaret et al. 2015 [8].
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Chapter 5- Conclusion
Maskelynite is a diaplectic glass of feldspathic composition, which means that it is formed
during an impact, and without melting. It is optically isotropic and amorphous in X-ray diffraction
[5, 6]. Diaplectic silica exhibits a memory effect for the stishovite structure which indicates that
the amorphous state is a result of disordering of the crystalline stishovite phase which formed
during shock compression [3]. The purpose of this thesis was to examine if such a memory effect
occurs in maskelynite as well, furthermore to examine if remnant high-pressure phases can be
recovered from shock compression experiments.
The first part of my experiments about a possible memory effect in maskelynite was
conducted with a diamond anvil cell (DAC) and high-energy synchrotron micro-diffraction on
natural maskelynite from Zagami and NWA 856. These experiments were conducted at the
Advanced Photon Source at Argonne National Laboratory. We observed overall compression of
the disordered structure and a change in the middle-range order around 14 GPa. This change is
indicated through a change of intensity of first and second diffraction peaks and the rise of a
shoulder at the first diffraction peak. Overall the half width of the diffraction peaks decreased
markedly with compression indicating an overall increase in order. However, the examined sample
remained noncrystalline throughout the examined range of pressure 0-20 GPa.
The second part of this thesis was based on shock compression experiments on
anorthoclase with the purpose of examining if minor amounts of high-pressure phases can be
detected in the recovered synthetic maskelynite. Two shock compression experiments were
conducted at the Experimental Impact Laboratory at NASA’s Johnson Space Center to 24.6 and
38.5 GPa respectively. The recovered anorthoclase samples were examined at the Advanced
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Photon Source at Argonne National Laboratory with the undulator station 16-IDB with
monochromatic light and at the bending magnet station 16-BMB with white X-rays (also at the
Advanced Photon Source). Anorthoclase shocked to 24.6 GPa has remained mostly crystalline
with indications of an irreversible minor structural transition from the proper feldspar to the celsian
structure where the (Earth-) alkaline cation has a higher coordination with oxygen. The specimen
shocked to 38.5 GPa was nearly completely amorphized, but micro-Laue diffraction revealed
islands of remnant crystalline order which could be indexed with a feldspar-like metric but no
indication of a crystalline high-pressure phase.
The minor amorphous fraction in the sample recovered from 25 GPa and the amorphous
material from the 39 GPa shock experiment differ noticeably from the natural maskelynite and
fused feldspar from Jaret et al. 2015 [8]. The first diffraction peak in fresh synthetic maskelynite
is centered around 2.5 Q (Å-1) whereas in natural martian and lunar maskelynite (Jaret et al. 2015)
as well as in fused feldspar it is centered around 2.0 Q (Å-1) [8]. This difference indicates that there
was an irreversible compaction in the fresh synthetic maskelynite and a change in middle-range
order towards denser packing of the polyhedral units.
In sum, our experiments do not reveal any crystalline high-pressure phase neither through
static recompression of natural nor in synthesized maskelynite. Our findings are consistent with
the formation of maskelynite through a pressure driven mechanic instability of the feldspar
structure. However, a memory effect in freshly synthesized maskelynite or, or generally, at static
recompression to 20 GPa cannot be excluded.
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